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T H E  SF,I,F'-I'UIIIYICA7710N 01; RIVI5RS. 

BY CHAR1,FS V. CEIAPIN, h f .  l)., SUPICRl;"rTTF.XI~IESS~01: 

HEAL'TW, PROYIDRKCI?,  R. I. 

A GREAT deal has been said and writtzri about the self- 
purification of rivers, and both the advocates and ol3~0- 
nents of the theory that rivers readily purify t11i:mselves 
have talcen a very firm stand in the matter. 'I'he clues-
tion, however, is not one which is easily settled. ;i 
great many factors must be taken into coasideratiou be- 
fore we can reach a j ~ s t  C O I ~ C I U S ~ O I ~ .  question of 'l'he 
dilution is an important one. A polluteci stream rnay :ip- 
pare~ltly become purified when in reality there is siinply a 
dilution owing to  the addition of pure water either frolii 
tributaries or from springs. On the other hand a ri~;er 
may apparently continue without showing any signs of 
improvement, the iniprovellle~lt beiug nlasked 1117 the 
addition of pollution at  various places. i t  is very seldom 
that  in these disciissions this factor has been talten into 

pollution l)ytrib!it.;iries. 011 t.hi: \r7hole the w,orl.r of the 
h ' i a~s i~~ l~! l se t . t~13oarc-l is tile 1111)st t.i-ioi-oi!gil pi:!)iisheci, ;inti 
fro111 it n7ct can ft:irly assume that  in a river rnotierately 
polluLr:<l ' ll~ere is in the coul,se of a ferb, mile:: :i very coil- 
sic-leral)le clestruction of (!issolved organic matter 1,y 
ositlatio~i, as well as loss ::f solid particles hy s~!bsidence. 

'l'hc rter;itio~~ tlie water of I - i ~ e r si n  faliingo f  ovel-
dams and iiatural ol)stl-~ictio~rs has been supposetl t o  cvert 
an i i ~ ~ p o r l a n t  influence in p!~rification, btii: this supposition 
is not correct; For while tlissolvect oxygen is necessary 
for the rvorlting of certain purifying changes, an excess 
of oxygen, introduced by however so efficient aeration, 
has been shown not to  extend such process. Careful ex-
pel-itnenting i l l  the artificial aeration of mater by the 
i\l:issachusetts State I3oar:i of Health has den~oastrated 
that  it 11115 liille or no effect in decreasing the organic in- 
gredients, and 1'rofe:;sor 1,eeti'i; experinients iipoii the 
water both above and below Niagara iialls, rvhei-e a na- 
I.iisal aeration is cavrieti 011 on a most st.upencious scalc, 

accoi~llt and more rarely still that  actual ~neas~irementsslio\ved that these was no c:l~en:ic.al puriiication. 
have been made, for i t  is no easy matter to  (to this. I n  
the first place the aniount of water entering the stream 
between the two points where the tests are matie must be 
approximately knorv~~ ,  it con~es  frc~nl orwhether springs 
tributaries. Then the  character of this addition n~irst be 
known, for in most cases the water of tribtit-zries coii:;iiiis 
very appreciable amounts of pollntion. 

Another difficulty is the c:ol!ection of sainp'tes. it is 
evident that  if samples are taken f r o n ~  different stations 
on the same day and hour tlie sa~nple  frocl the lou.er 
station will not by ally means necessarily represent t-he 
water a t  th.e iipper station. And even if allowance be 
made for the  flow of the river, it r ~ o a l d  he e.ulrc,meiy 
dangerous to assume that  the mater passing tile lower 
station a t  the calculated tinle was realiy the same as that 
passing the upper station. Yet this ~nethoi!, of taking 
samples a t  different times should in all cases lje follometl, 
though i t  is by no means the iur~ariable custonz. 

Allother point to  be borne in mind is in regard to the 
chemical analysis of the water. 'I'ests shoultl be made 
up011 the mater both before and after filtration through 
filter paper. I n  estimating the free amnlonia rrc niust 
take into consideration also the oxidation of albumii:oit! 
illto the free and the escape of the latter into the air. i t  
is very selcioln incieed that  all these factors have 
due consideration. Perhaps the nlost careful study of the 
chemical self-purification of rirers has been matie upon 
the  Blackstone by the i\assachv.setts State Iloai.ti of 
Health. A large number o l  samplesrvel-e taken \vitli niuclr 
care during a period of several years, and allowance was 
made for the adtlitio~i of natural irnpt.~rities by tri1,ut:iries. 
No allowance was made for the atldition oC sexvagc 
impurities by tributaries, but from a study of tllc 
chlorine contents it can fairly be assu~lled that 
the a~noun t  is small. The first sample was taken 
just helow T170rcester, which is the point of pol1i:-
tion, and the  last below Illillville, trv~nty-thr<:cnliles 
below. The average of all the tests showetl a diminution 

l3nt by far the most in-iportant consideration when 
ri\-er-\vater is to be useci for drinlring is the presence o f  
pathogenic ~nicro-organisms. M7e know that  certain clis- 
eases nray be transmit.;etl by lnealls of the contalninatio~l 
of 1v~:tes rx-ith their specific poison, ant1 it is Itnow11 that 
the poison consists of bacteria. Cholera and typhoid 
f e ~ e r .  are c!iseases of this type. If tlie intestinal clis- 
charges from persons suffering fro111 these diseases find 
their way into a river and thus reach a public water supply 
the most (iisastrous consequences inay occ,ur to  the users 
of thc water. 'I'he vital cjuestion is, do  these bacteria 
c?i:;:!l~pear as !-he result of natural agencies a t  morlr iil the 
river, arrd if Y O ,  11ow long an intervai is recjniretl to acco:n- 
plish tiiir; result. I t  is well k n o r v ~ ~  that most 1):it.lzogenic 
bacteria cio riot propagate in ordinary liver water, but on 
tlie other iila~~d Ilut they die slowly anci teud to die out. 
niaj. live for clays ant1 perhaps weeks. lnvestigaiion 
xlonc c i~n  i;lion~ w11t:etier in running rivers there arc 
f::ctors \vj~icli operate Inure unfavorab!y than in coniii~etl 
n.ate1.c;. O1)servations on the bacterial contt:cts of a 
river  are not reatlily ~natle,  some of the tlifficaities o l  
clicniical analysis hoIclin,= for biologics.? as \veil, anti 011-
servels are nu t  all agreed i?pon resnlts. 

!;I-anltla~iclfoulid in the ' i 'han~es ancl l i r e  that  there was 
no apparent cii~iiintltion in the nv,~nber of organisms a:; 
the river flowed along. Elabol-ate tests rve1.e ni;ttic o n  
tlie ltiver Spree a t  !<erlin l)y FI-nnlr. S1)ecinlens ~vel-c 
t::ke~i at: fifteen di ilerent stat-ions above, below anel in the 
cify aiitl subjected to  1);ictei-iuiogical cxainiilal:ioii. I t  
was silon-n that :tithough somctirne!; c?fh i ~ ~ i d r e i ! ~  tho:^-
s:tncls of 1j:~cteri:~11-ere atliic-:ti to each cei?tiuieii-e of n-:i!-.i. 
I l o ~ v i ~ ~ gthroiigll the city thc iiuml)c~. was in thc coi~rscof 
a ierv nriies reduceti t o  3000 to Sooo, abo i~ t  the s;me :is 
al)ore tlie city. I t  is pi.ol)able tliat this rei;~ilt. T\~;L:; c111i. 
largcly to  sec!iment;:tio!~. 

Iri the Isal-, tl:irty-tl~i-c.t> liilon~etrcc; helniv i\liluic:l~, t.lrc 
point of' pollution, the 1)ncteria :yere I-cducetl fro121 15,231 
to  237:: 

of free ammonia froni 1728 to 1299 p;irts, of albu~li i~~oicl  '1 '11~ foll(:n;i~ig is 'tlw avel-:lge I-esiilt of ten tests on the 
ammonia from Szh parts to  382, an increar;~of' nitrogen 
as nitric acid from 218 to  457 and a tiinlinution ( I F  totr:l 
nitrogen from 3000 to  21 56.  There lias evidently theii 
been a very coilsiclerable improvement as segartls the 
organic contents of the water, auct this aot~~itIista1itii11g a 
slight addition by tributaries not allo~ved for. I-IOUJmt~ch  
of this in~prove~nent  to setjimentatio~l it is ini1jo:;- is d i ~ e  
sible to  say, but the illcrease of nitrates shows that  it is 

l,imu~itt, ~\-iii~:h nons oiit fro111 I,alrc Zu~-ic:l~,p;!st t h e  
city of the same n:li::c. 

S'~Z\'~'IONS. 
O u t f l o ~I ! - O ~ II;il<c, 
Statiou i, 
Se~vcr outlct, 
Station q., 

i 1 5 3 


" 6, 

7 , 
'( >J, 

<'  9 ,  

N Uhl  l?IZlZ 01' I:At:-
I S . ' r i r~t~; \T'T:RC .  C .  

o 9 2 :j 
1.86 'I7:ir 
2.175 2 9 6 , 6 7 0  
2.485 T ? , Y ; I o  
2.796 10,Srjz 
5.4' 'i s,902 
5.9036.214 4 , 2 1 8  

2,346 
8.078 2,  I 10 

largely a t  least due to a true oxidation. Other ob~~~-r;e! . i i  
on other rivers have obtainetl diilcrcnt results, as 1'ei.c~ 
Frankland from the 'I'hames and Use, but he does ]lot 
appear to have taken sufficient account of the addition of 



I t  has beer; inferred by soi:le from these experin~ents 
that rivers can be reiietl upon to  purify themselves or free 
themselves from disease-protl~ici~~gorganisms 1)y the na- 
t~ i ra l  flow of a few miles. I do not ,  however, think that 
this is a safe assi~mption. 'I'he difficulty in conducting 
such experiments is so great, and the knowledge that  we 
possess of the cotiditions of life for pathogenic 1)ncteria 
in running water is so scanty, that we are not justified in 
considering that  .water can be thus purified. hioreover 
there are many observations which show that rivers are 
not so purified. 

'i'hus a t  Provicle~lce an epidemic of typhoid fever \i7as 
traced to a very slight pollution of a large and rather 
rapid stream three antl a cjuarkr ~rlilcs above thc intake 
of the city supply. 

'I'he city of l'hiladelphia suffers contin~ially from a high 
typhoid death rate, and this is due uuqt~estio~:al~ly to  the 
pollution of the Schuylkill River by sewage, much of which 
contamination takes place Illany miles above the intalte. 

The hferrimac River is polluted by sewage a t  iriany 
points along its course, especially at  the cities of Concol-d, 
Nashua, 1,owell and 1,a~i~rence. 'i'yphoid lever has for 
many years been exceedirigly j~rcvalent a t  I,owell ail(! 
Lawreince, which take their water supply from the river, 
although Lowell is fourteen miles below Xashr?a an(! l,am- 
rence nine miles further clown tliail Lo~vell. Moreover, 
when Lowell has suffered from an exceptionally serere 
outbreak, Lawrence has had the slime experience so011 
afterwards. Xe~vburyport is seventee11 miles I)clo\\r I,a\v- 
rence arid takes its water fro171 springs, hut two ye:~~-r; ago, 
this snpply being low, a pipe was estendec: illto the Merl-i- 
mac, aritl soori after an epideruic of typboitl occun-etl. 
These failures in self-purification a.re very iilstsuctive 
from the fact that the river Ao:o!i so inany iniles n i tboi~t  
being freed from disease gernls, ant1 secontI1y l~ecause tlie 
river is very large as coir~pared to the alnount of setvage 
~vhich enters it.  

From tlieorctical ancl esperiinenlal coiisitlel-ations, and 
still more froin the experiences first related, .\ye must be- 
liere that  a river o~ ice  iiifected with disease-prot1uc:ing. 
h:tcteria untfergoes only a inoderate degree of self-
~ ~ ~ r i c i t i o i .  there is, is 1)ecnuse t.hc I~acteria \\'hat 
either settle to tile hotto111 or die. Complete sul~sidence 
probably canllot take place in a flo~ring r i~c l - ,  ailti as from 
one to two weeks are recluii-ed to destroy thc  vitality of 
certain lriuds of pathogenic organisms it car] be oiiljr very 
rarely that contlitions necessary for ei~tii-e purification al-e 
found. As sewage *is alvays lilrely to  col?taiu tlisease- 
producing 01-ga11isms it fo i lo~i~s  that a :.irer .crhich receiv::~ 
sewage shoultl 1)e consitlel-etl unfit t o  se1.w as a public 
water su11j)ly. Certainly if in rase cnscs it i11:~y bc safe 
so to  use it, we are not pct able t o  pretlicate tile ueccs-
sary conditions. 

:;I, Cor~.espoud~ntn~ts 10 11r 51sh?ic!f ' I ' ll? \ \~ritvr3sI I ~ I I I Cisare ~~qntnntn<~ste<I ~)<>s':il>Ic, 
in  all c;rses r?ijiiil-cil as n prooi of xirood faitli. 

On r~ciue<ti n  adrnncc. <,tichnntn~drrdcopics of Ihc ::iinll,cr couL;lini:~i: Intni.; c:oin:!~~uni-
c s ~ i o n~ ~ : l lhe iurnishri? frrr  LO irny coi-respondci>l. 

'l'hc Edilor \\.ill be filaci to publish nny (111cris:sr o n n n n n L  wi th  t i ~ rc l ~ n r n c t o .of t l ~ .  
journal. 

Paleolithic Pottery. 

As bearing upon the tlisc~ission :.~l)out tlie so-called 
//iiril/s between palzolithic and neolithic t i ~ i ~ c s ,  1)r. I3rin-
ton has nincle a statemcut i n  his " N0tc.s 013 Ri1tliropo1ogy " 
(S'LJ;.~~NCC,March 9, 1894), t o  whicli I must clecitletlly tlemur. 
I-le says, " 1\11 111~ist 11011~ COI . ICC~( :  that  pa1a:olitliic man 
n~atle pottery, which was 10i1g tlcnied him." 1 supposc 
that  Dr. Brillton relies for this statement n~tli~ily upon the 
authority of .the Marquis cle Nadaillac, in vsrious worlis, 

;tail espe(:ially in his " hilrtl~~icrsancl &ionuiuents of l're-
historic I'eoples," 11. roo. Rut that gentleman is a closet 
archieologist anc! not an ,explorer, and he bases his 
ol)inioa upon antecedent probability, and not upon per-
sonal k~~owlecige, citing certain ~iuthorii.ies of a t  least 
q~estiona1)le valne. Ln the single iiistanc:e in which he 
malies an assertion upon his own authority he is certainly 
mroiig. After stating that  " Evans and Geikie in their 
turn assel-t the ~ibseucc in I+:nglaiid of pa1:Eoiithic pottery, 
and Sir J .  1,::bl)ock energclically maii~tains this oj,inion," 
he adds iil a. note " ilut Ji~hnt i;; the value of categorical 
assertions of this kind in prcsence of the fragments of 
pottery found a t  different levels in I<entJs FIolc? " Now, 
as I have hat1 occasion kc-, say elsen-heri-:, if this statement 
were correct., it  might be r ega~ded  i1.s settling the question, 
for never were iavcstig:ition~ conctrictetl niore cal-eFully 
r~ucl ul~ol-e scie;ltifically tha;i were those carried 011 for 
loru.teeil years by h!lr. I~engeliy, at  I<ent's Iiole, nenr 
'I 'orcl~~ay,on hehalf c?f the I3ritish Association. 'I'his is 
what he says in his I-eport: n~at le  to  that  llotly in 1873, 
11. 2x3: ( ' 'lrhe Inen of the black i~~oii l t l  had a gI-e:~t variety 
of bone instru~ncnts;  they used spindle-ivhorl:;, antl m;itie 
pottery, zund snieltetl anil compo~iudetl metals. 'I'he oldel. 
illen of the c a r e  earth made few boiie tools; tl-iey used 
needles alitl pi-obably stitclled skins togctlier; b ~ l t  tlrty 
hat1 ileither spindle-whoris, nor pottery, nor metais." 
'i'l~ere could not be a plainer asscri;ion th ;~n this of the 
a1)sence of pottery fro111 the 11:oi-e ai?cicilt tleposits in 
Kent's EXole. 

So, too, I'rof. Royd I)x~vki~ls, ~vliose rese;li-ches i n  tlie 
Itone-caves of li:l?g!antl are kilnu.n to men of science the 
\rorld orel-, says 111 " Ixarly Al . r in  in !{l.itail;," 11. 209 : 
( 1  '['her-e is iio re::son to s:i1111osc that Lhc c:tve 111~11useti 
vessels o f  pottt:ry, sini:e no l~otshel-ti:; have been dis-
co\rcrecl in :my of {.he I-efiise-.heaps which liavc been case- 
fully ex]>lored in France, C:el-m~iily, Smitzerlantl anct 
I3ritaia. 'J'lze vase the 'i'roi~ ti11 I-ounil-botto~~led from 
I"ronta1, considered by k!. I)v!)ont to  imply tli;tt thc art  
of pottery was li:iowi~ a t  this time, is of the same f;lsbion 
as those of the iieoiithi~: age fro111 the  pile cl\;.cilings of 
Switzerlantl, ant1 probal)ly l~elongs to  that  age. . . . I-Iatl 
the care inen ljeen acquainted with the potter's art ,  there 
is every I-easoii t o  belicsc. that  ttr:ces of it n-ouid be 
abundant iii erery refme-heap, as tliey were sabsequen:.ly 
in those of all pottery-using lxoples, :l fi-iignieat of pottel-y 
or of burlit clay Iteillg as littie 1ial)lc t o  dcstrc~ciio~las a 
fragment of hone or of antler." 

I t  is ul>oil these tliscoveries of M. I)upo~it that I )e  
Natlaillac rests his belief titat in Jlcigiu~u, a t  any sate, 
the cave rtien mac1e a rude pottcry, ~\-Iliie tlie ~iiarniliotll 
mid the cave bear were still their neigh1)ors. 1:u.t it is a 
Fact that among tlic fragiilcnts of  pot.tery tliscovercd by 
ilupont ill the ljelgian caverns were soine that hzd been 
nlatle upon the potter's ~vlieel; and it is certainly remarlr- 
al.)le that  " the  round-bottolnetl vase fro111 the 'LI-ou tlu 
Frontal " was quietly withtlra~vu 11-0117 the glass cases of 
the 1:l-ussels M11seurii (" h11:tt6i-iaux," s.,332; sri., 124). 

\Vitliiu the past ten ye:~l-s sonle discoveries made hy 
M. Fraipont, and his co-lal,orers, in certain 1:elgiau 
cavel-11s a t  Spy, Engis and Petit-hlodoiie, have been sup- 
posecl by soiile persons to  Icutl colifirniation to  I)~i]~oiit.'s 
~:icms. I:ut tile thoro~igh tliscussion of these finds by 
?!.I.Cartailhac in  "Matfirianx," xsii.. 67-78,  sho~vs u1,on - .  
IIOY,~ 7 he most they slight a fountlatioli thcy are baqccl. 
can 1)c hzltl t o  establish, i f  tliey are prorcti, is that  (In]-iug 
tllc age of the  m;~ininoth pottery was iiiventcd by one 
t r i l~c  of s;?ragc hunters, living ill 1klgium; that  the  
knowlcclge of it never sprcad, ancl Tvai finally lost, with- 
out having been trai~smiltccl t o  the rnen of the age of tlie 
reindeer. 

M. Salolnon Keinach, in his masterly " Ilescription 


